Study Design. Prospective lumbar and cervical surgery cohorts.
L umbar and cervical spine surgeries have increased dramatically during the past several decades. 1 However, the indications for surgery have remained the same, namely to relieve symptoms and improve quality of life. As such, most spine surgery is elective and driven by patients' perspectives about their preoperative suffering and limitations, their perceived prospects for future disability and dependence, and their expectations about what surgery can and will accomplish for them. [2] [3] [4] [5] Judging whether surgery is successful depends on technical achievements, surgeons' ratings, and patients' perspectives about outcome. 2, [6] [7] [8] [9] Currently, the most commonly used patient-reported outcomes are global assessments, such as overall satisfaction according to a Likert scale and change in pain according to a continuous 0 to 10 scale. 2, 7, 10, 11 Other patient-centered measures are improvements in scores on standardized questionnaires, such as the modified Oswestry Disability Index, the Neck Disability Index, and the SF12v2 (SF36). 6, 7, [12] [13] [14] [15] All these outcomes provide valuable information; however, they do not inform us as to the reasons why patients choose the ratings that they do.
Patients' preoperative expectations of surgery and their postoperative evaluations of fulfillment of expectations potentially can provide reasons for patients' assessments of outcomes. 13 We conducted several studies to measure expectations of lumbar and cervical spine surgery, described previously. 3, 4, 16, 17 To summarize, these involved preoperative interviews with patients to ascertain expectations and resulted in the development of two patient-derived Expectations Surveys, specific for either lumbar or cervical spine surgery. 3, 4 Each Survey is valid, reliable, and discriminative, and has distinct domains based on factor analysis. Subsequent work involved administering the Surveys to cohorts of patients preoperatively and then ascertaining variables associated with fulfillment of expectations 2 years after surgery. 16, 17 The objective of the current methodological analysis was to compare this novel outcome-that is, fulfillment of expectations-with traditional global measures of outcome and thus provide evidence for its validity. The value of this novel outcome is that, unlike global measures, it provides reasons for why patients rate the results of surgery the way they do. It also is unique in that it provides a standardized outcome that is prospective and includes both preoperative and postoperative patients' perspectives.
MATERIALS AND METHODS
This was a longitudinal cohort study of consecutive lumbar and cervical spine surgery patients with 2-year follow-up. Patients were enrolled at the Spine Center at the Hospital for Special Surgery in New York City during routine office visits from February 2010 through August 2012 and follow-ups occurred from April 2012 through September 2014. This study was approved by the IRB at the Hospital for Special Surgery and all patients provided written informed consent.
Patients were eligible if they were scheduled to undergo lumbar or cervical spine surgery by one of five participating orthopedic surgeons, were !18 years of age, spoke English, and did not have cognitive deficits.
At enrollment several days before surgery patients were interviewed in person with a series of questionnaires (described below) and 2 years after surgery they were interviewed again by different study personnel either inperson or by telephone.
Preoperatively patients were asked about their expectations of surgery with either the Hospital for Special Surgery Lumbar Spine Surgery Expectations Survey or the Hospital for Special Surgery Cervical Spine Surgery Expectations Survey. 3, 4 Each survey was developed on the basis of patient input to capture issues that are salient to patients even if they are unrealistic. Each survey is composed of 20 items addressing symptoms (e.g., pain, weakness), function (e.g., sleep, drive, not have to rest in between activities), and psychological well-being (reduce emotional stress, remove the control my spine has on my life). Patients were asked how much improvement they expected for each item with response options of ''back to normal, complete improvement'' (four points), ''not back to normal, but a lot of improvement'' (three points), ''a moderate amount of improvement'' (two points), ''a little improvement'' (one point), and ''I do not have this expectation, or this expectation does not apply to me'' (zero points). A preoperative total is calculated as the sum of all points.
At the 2-year postoperative follow-up, patients were asked how much improvement they received for each item that applied to them before surgery; response options were ''back to normal, complete improvement'' (four points) to ''no improvement'' (zero points). Patients were not reminded of their preoperative responses. A postoperative total was calculated as the sum of all points. The proportion of expectations fulfilled was defined as the ratio of the total amount of improvement received (postoperative sum) to the total amount of improvement expected (preoperative sum). Thus, the proportion can range from 0 (no improvement for any item), to 0.01 to 0.99 (some improvement), to 1.0 (improvement as expected), to >1.0 (improvement greater than expected, i.e., exceeded).
Before and after surgery patients also completed assessments of low back, leg, neck, and arm pain using a 0 (none) to 10 (most) scale. They reported pre-and postoperative functional limitations with the 10-item modified Oswestry Disability Index (ODI) or the 10-item Neck Disability Index (NDI). [18] [19] [20] The ODI and NDI are standardized valid questionnaires and their pre-to postoperative changes in scores are widely used outcomes of spine surgery. Patients also completed the SF12v2, a 12-item questionnaire for general health and function which generates Physical and Mental summary scores. 21 At the 2-year follow-up patients completed several global measures of outcome, including satisfaction rated on a fivepoint Likert scale ranging from very dissatisfied to very satisfied. Given that ''satisfaction'' is an imprecise concept that can connote enthusiasm for some patients but acquiescence for others, we also included a modification of the Delighted-Terrible scale, a valid single-item affective global question, traditionally used for social indicators but applicable to health and quality of life. 22 The question, which is framed by time and circumstance, asks patients ''if you were to spend the rest of your life with your spine symptoms just the way they have been in the last 24 hours, how would you feel'' with seven response options ranging from ''terrible'' to ''delighted.''
The primary analysis was a comparison of the proportion of expectations fulfilled (a continuous variable) to the other outcomes, or comparators. Correlation coefficients and 95% CI were calculated between the proportion of expectations fulfilled and ratings of satisfaction, 24-hour affective assessment (Delighted-Terrible), and pre-to postoperative changes in ODI, NDI, SF12v2, and pain scores. Using these comparators as gold standards, sensitivities and specificities were calculated and receiver operator characteristic curves (ROC) and areas were generated with 95% CI according to various threshold values for the comparators that are considered clinically important. 7, 10, 13, 14 Areas under the ROC curves (AUC) are reported from 0.5 (no discriminative ability) to 1 (perfect discriminative ability). 23 The sample size was based on the objective of the larger parent study to detect a change in pre-to postoperative Expectations Survey scores for two groups of patients who
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Proportion of Expectations Fulfilled Mancuso et al had a difference of six points (standard deviation 16) for the ODI and five points (standard deviation 10) for the NDI. For alpha of 0.05 and beta of 0.80, 224 lumbar and 124 cervical patients were required. Lumbar patients were overenrolled to permit future subanalyses according to surgical characteristics.
RESULTS
In total, 420 lumbar surgery patients were enrolled; 366 participated in the follow-up, 3 refused because they had a bad outcome, 15 refused because they were not interested, 10 refused because they had no time, 7 were ineligible (deceased, did not have surgery), and 19 (only 5%) were lost to follow-up. In total, 150 cervical surgery patients were enrolled; 133 participated in the follow-up, 1 refused because she had a bad outcome, 9 refused because they were not interested, 1 refused because she had no time, 5 were ineligible, and 1 (only 0.7%) was lost to follow-up. Subsamples of 265 lumbar patients completed the ODI and SF12v2, and 92 cervical patients completed the NDI and SF12v2.
Lumbar Surgery Patients
For the lumbar patients, the mean time between surgery and follow-up was 2.05 years (interquartile range, 1.96-2.13); 57% were men and the mean age was 55 years (Table 1) . Patients had a spectrum of spinal diagnoses, 21% were having a revision surgery, and 18% required subsequent lumbar surgery during the 2-year follow-up. The mean preto postoperative improvement in ODI and low back pain and leg pain scores were 31, 3, and 4 respectively. Regarding global outcomes, 73% were very satisfied or satisfied, and the affective report spanned the spectrum of options from 24% (delighted) to 8% (terrible) ( Table 2) .
According to the Expectations Survey, 90% of lumbar patients had some of their expectations fulfilled (24% had all their expectations fulfilled completely or exceeded) and 10% had none of their expectations fulfilled; the mean proportion of expectations fulfilled for the entire sample was 0.66 (range, 0-2.0) ( Table 3 ). The expectations fulfilled most often were relieve pain, manage personal care, and fulfill work responsibilities for those employed; the expectations fulfilled least often were return to work for those unemployed, remove restrictions in activities, and stop progression of spine disease. The proportion of expectations fulfilled was most closely associated with the global comparators (correlation coefficients 0.67-0.73), less so with pre-to postoperative changes in ODI, low back pain and SF12v2 Physical scores (coefficients 0.39-0.57), and not correlated with leg pain and the SF12v2 Mental score. The proportion of expectations fulfilled versus the comparator variables showed the greatest ROC areas for the global measures ( Table 4 ). The proportion of expectations fulfilled at the inflection point of the ROC curve with the greatest area (i.e., global satisfaction) ( Fig. 1) was 0.60, corresponding to a sensitivity of 0.90, and a specificity of 0.79. Thus, a clinically important value for the proportion of expectations fulfilled for lumbar patients is approximately 0.60.
Cervical Surgery Patients
For the cervical patients, the mean time between surgery and follow-up was 2.05 years (interquartile range, 1.96-2.09), 62% were men and the mean age was 54 years ( Table 2) . The most common diagnosis was radiculopathy, 14% were having revision surgery, and 11% required subsequent cervical surgery during the 2-year follow-up. The mean 
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pre-to postoperative improvement in NDI and neck and arm pain scores were 26, 2, and 3 respectively. Regarding global outcomes, 83% were very satisfied or satisfied, and the affective report spanned the spectrum of options from 26% (delighted) to 5% (terrible) ( Table 2 ). According to the Expectations Survey, 91% of cervical patients had some of their expectations fulfilled (31% had all their expectations fulfilled completely or exceeded) and 9% had none of their expectations fulfilled; the mean proportion of expectations fulfilled for the entire sample was 0.78 (range, 0-2.16) ( Table 3 ). The expectations fulfilled most often were resume daily activities, manage personal care, and improve ability to read; the expectations fulfilled least often were return to work for those unemployed, remove the need for pain medications, and relieve numbness. The proportion of expectations fulfilled was most closely associated with the global comparators (correlation coefficients 0.60-0.65), less so with pre-to postoperative changes in NDI, neck pain, and SF12v2 Physical scores (coefficients 0.33-0.52), and not correlated with arm pain and the SF12v2 Mental score. The proportion of expectations fulfilled versus the comparator variables showed the greatest ROC areas for the global measures ( Table 4 ). The proportion of expectations fulfilled at the inflection point of the ROC curve with the greatest area (i.e., global satisfaction) (Fig. 2) was 0.62, corresponding to a sensitivity of 0.91, and a specificity of 0.80. Thus, a clinically important value for the proportion of expectations fulfilled for cervical patients is approximately 0.62.
DISCUSSION
Our study showed that fulfillment of expectations is a novel, measureable, and valid outcome of spine surgery. This new outcome is unique compared with other outcomes in several ways. First, fulfillment of expectations is distinct from currently used global measures which are cross-sectional and focus only on the postoperative state. Fulfillment of expectations, in contrast, includes both preoperative and postoperative patients' perspectives. Second, the proportion of expectations fulfilled is determined from prospectively gathered information and thus does not rely on patients' recall. Third, because fulfillment of expectations is based on multiple items, it has the advantage of being able to identify which symptoms and functions have improved to target levels and which have not; and thus provides a rationale for why patients rate outcomes the way they do. Fourth, surgeons can use this information to focus postoperative discussions directly on those areas that are of most concern to patients. We previously reported that the preoperative Expectations Surveys provide a basis for patient-education, shared decision-making, and a template to ensure patients and surgeons have similar goals. 24 The postoperative Expectations Surveys now provide a means to ascertain in what ways patients believe surgery has not met goals and offers surgeons the opportunity to address these issues directly.
Most of the comparators we studied, particularly satisfaction, ODI, pain, and SF12v2 are widely acknowledged as standard patient-reported measures of lumbar surgery and have been used with patients with diverse diagnoses undergoing various procedures. 7, 10, 11, 13, 14 Threshold values for pre-to postoperative change in ODI and SF12v2 scores that reflect minimum clinically important differences (MCID) have been proposed. 7, 10, 13, 14 However, there are discrepancies in what these cut-off values should be because of variations in how MCID is defined and measured. 10, 25 Global questions also have limitations, most notably that they often are not standardized, ask about slightly different phenomena, and attempt to rate several outcomes simultaneously. 11 Global measures also are limited because they can be variably interpreted by patients; for example some patients may consider ''satisfied'' to mean the outcome was ''successful'' whereas other patients may consider it to mean the outcome was ''satisfactory. '' 7 Similarly for cervical patients, satisfaction, pain, NDI, and SF12v2 are standard patient-reported measures with proposed MCIDs based on several studies. 6, 12, 15 In our study, cervical patients had a high proportion of expectations fulfilled and a high satisfaction rate (83%). Clustering at the upper range for a Likert scale raises the issue of how many response options are needed to provide a more balanced distribution of responses. In quality of life research, 7 AE 2 response options traditionally have been considered desirable because psychological testing shows most people can discriminate up to seven categories. 26 We used the seven-item Delighted-Terrible question for this reason and were successful in obtaining a more balanced distribution for this variable than for the global satisfaction question. Another benefit of the Delighted-Terrible question is that it captures an affective dimension while being grounded in a recent timeframe. We previously showed this question to be sensitive to the proportion of expectations fulfilled in hip arthroplasty patients. 27 Future analyses in our lumbar and cervical cohorts will focus on the unique properties of this question in the context of psychological well-being.
The major limitation of this analysis is the use of patientreported measures for both the proportion of expectations fulfilled and the comparator, or gold standard, variables. 6, 7, 9 It would have been ideal to have used objective external variables as gold standards, but what these should be is not known. 6, 7, 9 The moderate correlation coefficients with our comparator variables, however, indicate that the proportion of expectations fulfilled is related to, but not equivalent to, the comparator variables and thus measures distinct topics. Some of these topics may be psychological issues in the Expectations Survey, such as distress because of perceived future impairment and the desire to be free from restrictions; these concepts are not addressed by any of the other questionnaires. Another limitation is that although the Surveys are easy to administer (i.e., take less than 5 min) they require that clinicians and investigators archive patients' preoperative responses so that they will know which items to ask patients about postoperatively. Using electronic versions of the Expectations Surveys potentially can facilitate easy access to the applicable items at a later date.
In conclusion, the proportion of expectations fulfilled is a new method to measure results of spine surgery and addresses the pressing need to develop valid methods to report patientcentered outcomes. In addition to generating an overall assessment of outcome with a clinically important threshold, the unique features of this method are that it prospectively includes pre-and postoperative patients' perspectives and provides the rationale for why patients give the ratings they do. By reviewing pre-and postoperative surveys, surgeons can ascertain in what ways surgery did and did not meet expectations and then direct postoperative discussions in these areas. Future work will test the performance of this outcome in clinical trials and interventional studies.
Key Points
Fulfillment of expectations is a longitudinal outcome that requires prospectively acquired pre-and postoperative data. Fulfillment of expectations is a valid outcome that performs well compared with traditional global outcomes and simultaneously maintains distinct features that make it a novel patient-centered outcome. Compared with preoperative expectations, the proportion of expectations fulfilled 2 years postoperatively was 0.60 for lumbar surgery patients and 0.78 for cervical surgery patients. Fulfillment of expectations provides details about in what ways patients believe surgery did and did not meet goals, and offers surgeons opportunities to address unfilled expectations directly.
